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 Abstract    
Objective: Soybean phytoestrogens, such as genistein and daidzein, reduce climacteric symptoms and the risk 
of certain chronic diseases such as cancer and cardiovascular diseases. Despite their widespread use in functional 
foods and dietary supplements, there is very little data available on their safety and herb-drug interactions, espe-
cially with antineoplastic agents. Hence, the aim of our study was to assess the eﬀects of soybean extracts on the 
expression level of CYP genes and their transcriptional factors. We also investigated the eﬀect of soybean on the 
mRNA level of transporters, such as P-glycoprotein (MDR1) and multidrug resistance-associated proteins (MRP1, 
MRP2).
Materials and methods: Wistar rats were fed a standardized soybean extract (100 mg/kg, p.o.). cDNA was syn-
thesized from total RNA isolated from diﬀerent tissues (liver and intestinal epithelium) using reverse transcription. 
Gene expression level was analyzed by RT-PCR method. 
Results: We demonstrated a signiﬁcant increase of CYP1A1 mRNA level (by 89%, p=0.002 and 125%, p=0.004) 
as compared with the control group. An increase of AHR and CAR expression after 10 days was also observed (by 
60%, p<0.001 and 52%, p>0.05, respectively).
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Additionally, an inductive eﬀect for CYP2D1 by 22% (p=0.008), Mdr1a by 267% (p<0.0001), Mdr1b by 86% 
(p<0.0001), Mrp1 by 9-fold (p<0.0001), Mrp2 by 83% (p<0.0001) in the liver and for Mrp2 by 35% (p<0.001) in the 
intestinal epithelium, was evaluated. A signiﬁcant decrease of mRNA level was observed for CYP3A1 (human CY-
P3A4) in the liver and Mdr1b in the intestinal epithelium. Moreover, we also showed a slight decrease in the amount 
of mRNA for CAR, PXR and ARNT after 3 days. 
Conclusions: Our results suggest that Glycine max may change the expression level of CYPs, especially CYP3A4 
and CYP1A1, involved in biotransformation of xenobiotics (drugs, procarcinogens) and may participate in clinically 
signiﬁcant interactions with drugs metabolized by these enzymes. Moreover, an increase of CYP1A1 (homologue 
to human CYP1A1) mRNA level may not only reduce the carcinogenicity of foreign compounds, but may also ac-
tivate some compounds to their carcinogenicity. In case of transporters, it is considered that an increase of their 
expression in the body may lead to increased fetoprotection. Also, it may reduce both, the exposure of sensitive 
tissues (e.g. brain, placenta) to xenobiotics and treatment eﬀectiveness of certain diseases. Hence, the search for 
a safe substance that could eﬀectively modulate transporter activity, especially in the treatment of certain hormone
-dependent disorders. e.g. osteoporosis and breast cancer, occurring mainly in postmenopausal period, continues.
 Key words:  CYP enzymes / transporters / soybean / interactions / 
        / transcriptional factors / expression level /
 Streszczenie
Cel pracy: Fitoestrogeny sojowe, takie jak genisteina i daidzeina redukują symptomy menopauzy i zmniejszają 
ryzyko wystąpienia niektórych chorób w tym nowotworów i chorób serca. Pomimo szerokiego zastosowania izo-
ﬂawonów pod postacią funkcjonalnej żywności i suplementów diety, dane dotyczące bezpieczeństwa jak również 
interakcji typu preparat roślinny-lek syntetyczny, szczególnie uwzględniając leki przeciwnowotworowe są bardzo 
ograniczone. Celem badania była ocena wpływu ekstraktu sojowego na poziom ekspresji genów CYP i ich czyn-
ników transkrypcyjnych. Zbadano również wpływ soi na poziom mRNA transporterów obejmując glikoproteinę P 
(MDR1) i białka związane z opornością wielolekową (MRP1, MRP2).
Materiał i metody: Szczury rasy Wistar traktowano ekstraktem sojowym (100 mg/kg, p.o.). cDNA syntetyzowano 
z całkowitego RNA z tkanki wątrobowej i nabłonka jelita stosując odwrotną transkrypcję. Poziom ekspresji genów 
analizowano wykorzystując metodę RT-PCR.
Wyniki: Wykazano znaczny wzrost poziomu mRNA CYP1A1 o 89% (p=0,002) i 125% (p=0,004) w porównaniu do 
grupy kontrolnej. Wzrost ekspresji AHR i CAR był również obserwowany odpowiednio o 60% (p < 0,001) i 52% (p 
> 0,05) po 10 dniach stosowania. Dodatkowo, indukcyjny efekt oceniono dla CYP2D1 o 22% (p=0,008), Mdr1a o 
267% (p < 0,0001), Mdr1b o 86% (p < 0,0001), Mrp1  9-krotny (p < 0,0001), Mrp2 o 83% (p < 0,0001) w wątrobie 
i dla Mrp2 o 35% (p < 0,001) w nabłonku jelita. Znaczny spadek poziomu mRNA w wątrobie obserwowano dla 
CYP3A1 (ludzki CYP3A4) i Mdr1b w nabłonku jelita. Ponadto, wykazano również nieznaczny spadek w ilości mRNA 
dla CAR, PXR i ARNT po 3 dniach stosowania ekstraktu. 
Wnioski: Wyniki badania sugerują, że Glycine max może zmieniać poziom ekspresji enzymów CYP, szczególnie 
CYP3A4 i CYP1A1 związanych z biotransformacją ksenobiotyków (leków, prokancerogenów) oraz może uczestni-
czyć w klinicznie znaczących interakcjach z lekami metabolizowanymi przez te enzymy. Ponadto, wzrost poziomu 
mRNA CYP1A1 (ludzki CYP1A1) może nie tylko redukować kancerogenność obcych związków ale może również 
aktywować niektóre ich kancerogenności. W przypadku transporterów, uważa się, że wzrost ich ekspresji w orga-
nizmie może prowadzić do zwiększonej fetoprotekcji, redukcji wrażliwych tkanek (mózg, łożysko) na ekspozycję 
ksenobiotyków i zmniejszenia efektywności leczenia niektórych chorób. Stąd nadal poszukuje się bezpiecznych 
substancji, które mogłyby skutecznie modulować aktywność transporterów, szczególnie w leczeniu chorób hormo-
no-zależnych np. osteoporozy czy raka piersi, które występują głównie w okresie postmenopauzalnym.
 Słowa kluczowe: enzymy CYP / transportery / soja / interakcje / 
     / czynniki transkrypcyjne / poziom ekspresji /
©  P o l s k i e  T o w a r z y s t w o  G i n e k o l o g i c z n e Nr 5/2014350
P R A C E  O R Y G I N A L N E
  ginekologia
Ginekol Pol. 2014, 85, 348-353
Anna Bogacz et al. The inﬂuence of soybean extract on the expression level of selected drug transporters, transcription factors and cytochrome P450 genes...
????????? ????? ???????? ??????????? ????????? ???? ???? ?????????
?????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????? ??????????
????????????????????????????????????????????????????
????????????? ???? ???? ????????? ???? ????????? ??? ???? ???
?????? ????????? ??? ??????????????? ??? ?? ???????? ??? ????????????
?????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????
?????? ???????????? ???? ???? ????? ??????? ????? ???????????? ????
??????????????????????? ???????1??????????????????? ????
?????????????????????????????????????????????????????????????????
??????????????? ????????????????????? ?1?????????????????????????
????????? ?????????? ??? ??????????? ?? ????? ??????? ??????????? ???????
?11????????????? ?????????? ?????????????????????? ??? ???????
???? ????????? ???????? ????? ???? ??? ?????????? ??? ??????????
?????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????
????? ?????? ????????? ????????????? ???????? ??????? ?????????? ????
????????????????
?????????????????????????????????????????????????????????
???????????????????????????????????????????????????????1?????
?????????????????????????????????????????????????? ????????
????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????
?????? ???????????????????????? ???? ??????????? ????????? ??????
???? ?????????????????? ????????? ???? ?????????? ??? ??????? ????
???????????????????????1????????????????????????????1?????
???????????????????????????????????????????????????????????????
???????????????????????????????????????????????1??????
???????????? ?1??????????????? ??????????????????????????????? ???
????????????????????????????????????????????????????????????????
????? ??? ????? ????? ????? ?????? ??? ???? ?????????? ????????????? ????
??????????????????????????????
???????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????
???????????????????????????? ???????????????????????????????????
???????1???1????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????
??? ????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????
??????? ???????????????? ??????????? ??????????? ???????? ??????????
???????????????????????????????????????????????? ?????????????????
????????????????????????? ??????????????????????????????????????????
???????? ???????????????????????????? ?????????????? ??????????????
??????????? ???? ???? ???????????? ???????? ?1??? 1???? ??????????? ????
??????????????????????????????????????????????????? ??????????????
???????????????????????????????????????????????????????????????
Objectives
??????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????
????????????????????????????????????????????????1???????????????
??????????? ???? ????????????????????????1?? ?????????????????? 
??? ??????
Materials and Methods
Soybean extract 
???????????? ??? ??????? ?????????? ??? ?????????? ???
??????? ?? ????????? ??? ???????? ???? ?????? ????? ?????? 
??????? ???? ???????? ??????? ??? ???? ?? ? ???? ??? ??? ????? ?? 
???? ??????????? ????? ????
Animals and treatment
??? ?????????? ???? ?????? ???? ????????? ??? ????????? 
?? ?????????? ???? ??? ?????? ?????????? ??????????? ??????? 
?????????? ??? ?1??1?????? ??? ?? ?? ??? ????? ??? ????? ??? 
???????? ?? ??? ????? ?????? ????????? ?? ??? ???? ??? ??? 
?? ?????????? ??????? ?? ?????? ??? ????????? ??? ??????? 
???? ?????? ?? ??????? ????? ?? ??? ?????????? ?? ??????????
???? ?????? ?????????? ?? ??????? ????????? ???? ???? ?????? 
?? ?????????????????? ???????? ???? ? 1??? ?????????? ????? ???? 
?????? ?? ?????????? ??? ???? ??? ??? ????? ???????????
??? ??????? ???? ???????? ??????? ???? ??? ?????? ???1??? 
??? ????? ?????? ???????? ??? ???????????? ??? ??????? 1?? ???
?? ????? ???? ? ???? ??? ?? 1? ??? ?1 ????? ????? ??? ??????? ????? 
??? ??? ? ???????? ????? ??? ????? ????? ??? ???? ?????????????? 
??? ???? ???? ???????????? ??? ??????? ?? ????? ??? ?????????? ????
??????? ???? ??????????? ?????? ?? ?????? ???????? ??? ?????? ?? 
????? ????? ???? 
RNA extraction and cDNA synthesis 
????? ???????? ??? ??? ???????? ????? ??????? ????????? ???
????? ??????? ???????? ????????? ?? ??? ?????????????? ??????
???? ??? ?????????????? ??? ??? ?????? ?? ??? ???? ?????????? 
?? ????????? ??? ?????????? ?? ??? ??? ??? ?? ?? ? ???????????
??????? ?????????????? ?????????? ????? ??? ??????? ???? 
?????? ?? ?????? ????????????? ??? ??? ??????????? ???? 
1 ?? ?? ????? ??? ?? ? ????? ?????? ?? ?? ?? ????? ??? ?????
???????? ???? ????? ?????? ????????? ??? ??????? ???????? ??? 
?????????1? ?????? ??????? ???????? ????????? ?? ??? ????????
??????? ????????? ??? ???????? ??????????? ???? ?????? ?? ????? ?? 
???? ???????? ??? ??? ????????? ???????????? ??? ?????????
Determination of mRNA levels by real-time PCR
??? ????? ?? ???? ?????????? ?? ??? ??? ??????? ??????? ???
???????? ??????????? ??? ???????? ?? ??? ?????? ??????? ??? 
??????? ??? ?????? ?????????? ???? ??? ???1?1??? ?????1??? 
?????1??? ?????1? ?????? ??? ????? ????????????? ???? 
????????? ?? ???????????? ?? ??? ?1??? ??? ??????? ??? ?????? 
?????????? ???? ??? ???? ???? ???? ??? ???? ????? ????1? 
????? ??? ???1? ????????????? ??? ????????? ?? ????? ?? ??? 
??????? ??? ???1 ??? ???? ???? ???? ???? ?????? ?? ??? ?1??? 
????? ??? ??????? ??? ???1? ???? ???????? ?? ????????? ?? ??? 
????? ??? ??????????????? ????????? ???? ??????????? ?? ??? 
??????? ????????? ???????? ???? ??? ???????? ?????????? ???? 
???????? ?? ??????? ??? ??????????????? ??? ??????? ????? ?????
????? ?????? ??? ??????? ??? ????? ? ??????????? ?? ?????????? 
??????? ???????? ??? ? ??????????? ??? ?????? ???? ????? 
? ??? ??????? ???????? ????????? ?? ??? ?????????????? ??????
???? ????? ??? ???? ?? ? ???????????? ???? ??? ?????????????? 
??? ??? ??????? ??? ????????? ???? ?? ?????????? ?? ???? ??? 
1? ???? ???? ??? ????? ????????? ? ???????????? ???? ?? ????? 
?? ????????? ???? ?? ? ??????? ??????????? ??? ?? ????????? ???? 
?? ????? ??? ???????????? ??? ??? ????????? ?? ????????? ??? 
©  P o l s k i e  T o w a r z y s t w o  G i n e k o l o g i c z n eNr 5/2014 351
P R A C E  O R Y G I N A L N E
  ginekologia 
Ginekol Pol. 2014, 85, 348-353 
Anna Bogacz et al. The inﬂuence of soybean extract on the expression level of selected drug transporters, transcription factors and cytochrome P450 genes...
???????? ?? ??????????? ?? ??? ??????? ?? ???? ????? ? ??? ?? 
??? ????????? ??????????????? ????? ??? ???? ???? ????????? 
???? ??? ????? ??????????? ??? ???? ?????????
Statistical analysis 
??? ???? ??????? ??? ??? ??????? ????? ??? ????????? ?? 
???? ? ???? ??? ???????????? ???? ???? ???????? ????? ??? 
???? 1??? ??? ??????? ????????? ??????? ????? ???? ??? 
???? ?? ??????? ???? ?????? ??? ????? ?? ?????? ??? ?????????? 
?? ????????????? ???????????
Results
??? ????? ?? ???? ?????????? ?? ??? ????? ??? ??? ????????
??? ?????????? ??? ???????? ?? ??? ?????? ??????? ?? ????? 
?? ?????? 1? ??? ???????????? ??? ??????? ???????? ?? ? ?????????? 
???????? ?? ???1?1 ?????????? ?? ????? ???1?1? ?????????? 
????? ??? ???? ??????? ??? 1???? ????????? ????????????? ?? 
????????? ?????? ??? ???? ???????? ??? ?????1 ?????????? ?? 
????? ??????? ?? ??? ????????? ????? 1? ???? ?? ?????????? 
?? ???????? ?? ??? ??????? ?????? ?? ?????????? ??????????? ???? 
???????? ??? ???1?? ?????????? ?? ????? ???1???? ???
???? ?????????? ?? ????? ??????? ??? ?????? ?????????? 
?? ????? ???????? ?? ???? ?? ?????1 ?????????? ?? ????? 
???????? ??? ???? ????? ??? ??????? ?? ?1? ???????? ??? 
???? ????????????? ?? ????????? ?????1 ?????????? ?? ????? 
?????1? ??? ?????? ?????????? ?? ????? ??????? ???????
???? ??? ???? ????????? ?? ?????? ????
????????? ? ?????????? ???????? ?? ??? ??? ??? ??????? ?? 
??? ???? ????? ??? ???????? ??? ??? ??????1 ??? ???? ??????? 
????????????? ????? 1? ???? ??????? ??? ????????????? ? ?????? ???
?????? ?? ??? ?????? ?? ???? ??? ???? ??? ??? ???? ??? 
????? ?? ? ??????? ?????? ?? ??? ??????? ?????????????? ?? ????
????? ?? ??? ??????? ?????? ?? ?????????? ??????? ???? ???????? 
?? ??? ???? ????????????? ??? ???? ??? ????1? ??? ???????
???????????? ?? ???? ???????? ??? ???????? ?? ??????? ?? 
??? ???? ????? ?? ???????????? ?? ??? ????? ??? ?????????? ???????
????? ??? ????????? ?????? ?? ??? ??????? ??? ???????? ??? ???1? 
??? ????? ???????1?? ???1? ??? ???? ???????1?? ???1 ??? 
????? ???????1?? ??? ???? ??? ???? ???????1? ?? ??? ????? ??? 
??? ???? ??? ???? ??????1? ?? ??? ?????????? ?????????? ??????? 
??? ?? ???? ?? ???1?? ? ????????? ??? ???? ???????1? ??? ????
????????? ????? ?1 ???? ?? ??????????
Discussion
?? ??? ?????? ?? ???????????? ??? ??????? ?? ???????????? ??? 
??????? ?? ???? ?????????? ?? ???????????? ??? ??? ??????? 
???????? ?? ????????????? ?? ???????????? ?? ???? ?? ??????? ?? 
??? ???? ????? ?? ????????? ??????????? ??? ????? ??????????????? 
??????????? ??? ????????? ?? ?????????? ?? ??? ???????? ?? ????
???? ?????????? ??? ???? ? ????????? ?????? ?? ??? ??????? ??? 
?????? ?? ????????? ???? ??? ?? ???? ?????????? ?? ??????????? ????
???????? ???????? ??? ????????? ?? ?????? ?????? ?? ????????? 
?? ????? ?????????? ??????? ?????? ??? ????????? ????? ??? ???
??????? ????? ?? ??? ???????????? ?????? ?? ??????? ??????? ????
?????? ??????? ???? ??????? ?????? ??? ????? ????????? ????????
????? ?? ?? ??????????? ?? ?????????? ??????????????? ?????????? ?? 
???? ??????????? 
??? ??????? ?????? ???? ??????? ??????? ?? ???? ?????? ? 
?????????? ????????? ?? ???1?1 ?????????? ?? ????? ???1?1? 
??????????? ??? ?????????? ??????????? ????? ?? ????????? 
???? ????????? ?? ???1?1 ??? ???????? ??????????????? ?? 
??????? ????????? ??????? ????????? ?????????? ?? ???????? 
?????????????? ???? ???? ?? ?????? ????????? ??? ????????? ?? 
????? ???????????????? ???????? ???? ????????? ?? ???1?1 
??? ???? ??????????? ?????? ?? ?? ???????? ?? ??? ???????? ??? 
??????????????? ?? ??????????????? ?????????? ?? ?? ???????? ?? 
??????? ??? ????????? ?? ??? ?????? ???????? ?? ??? ?????????? 
?? ?????????????? ??? ??????????? ?? ??????????????? 
Table  I .  Sequences of primers used for the real-time PCR analysis and PCR conditions.
Gene ??? e???e??en?e????? ???? Product size (bp)
PCR conditions
Cycle Denaturation Annealing Extension
CAR F 
CAR R
GGA GGA CCA GAT CTC CCT T 
GAC CGC ATC TTC CAT CTT GT 130 35 95ºC, 8s 58ºC, 8s 72ºC, 8s
PXR F
PXR R
TCC ACT GCA TGC TGA AGA AG 
AAC CTG TGT GCA GGA TAGGG 187 35 95ºC, 8s 55ºC, 8s 72ºC, 8s
RXR F
RXR R
CCT GAG TTC TCC CAT CAA TG 
GAC GCC ATT GAG GCC TAG A 190 35 95ºC, 8s 57ºC, 7s 72ºC, 8s
GR F
GR R
CTG GAA TAG GTG CCA AGG CT 
CCG TAA TGA CAT CCT GAA GCT 210 40 95ºC, 10s 58ºC, 8s 72ºC, 8s
AHR F
AHR R
ATAGCTACTCCACTTCAGCC 
TCATGCCACTTTCTCCAGTC 244 35 95ºC, 8s 52ºC, 8s 72ºC, 8s
ARNT F
ARNT R
CAG AAC TGT CAG ACA TGG TAC
 AGT CAG AGA CAT ACA CCA CTC 246 40 95ºC, 8s 57ºC, 7s 72ºC, 8s
HNF?1? F
HNF?1? R
GCT CGG AAG ATG ACA CGG AT 
CTT GTT GAG GTG CTG GGA CA 245 35 95ºC, 8s 60ºC, 7s 72ºC, 8s
HNF?4? F
HNF?4? R
CTG GAG GAT TAC ATC AAC GAC 
GTG TTC TTG CAT CAG GTG AG 164 40 95ºC, 8s 57ºC, 7s 72ºC, 8s
Mdr1b F TGA CGT GAA TGA CGC TGG
207 40 95ºC, 10s 59 ºC, 8s 72ºC, 8s
Mdr1b R CAC ATG GCA GAT GAC AAC C
F – Forward; R – Reverse
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Figure 1. The eﬀect of Glycine max (100 mg/kg) on the expression level of CYP 
genes in rat liver after 3 and 10 days of treatment. The control group was deﬁned 
as 100%. Data were presented as mean ± SEM (n = 10). *p<0.05, **p<0.001, 
***p<0.0001 as compared to controls (one-way ANOVA test).
 
Figure 2. The eﬀect of Glycine max (100 mg/kg) on the expression level of 
transcription factors and ARNT in rat liver after 3 and 10 days of treatment. The 
control group was deﬁned as 100%. Data were presented as mean ± SEM (n = 10). 
*p<0.05, **p<0.001, ***p<0.0001 as compared to controls (one-way ANOVA test).
 
Figure 3. The eﬀect of Glycine max (100 mg/kg) on the expression level of genes 
encoding transmembrane transporters in rat liver and intestinal epithelium after 21 
days of administration. The control group was deﬁned as 100%. Data were presented 
as mean ± SEM (n = 10). *p<0.05, **p<0.001, ***p<0.0001 as compared to controls 
(one-way ANOVA test).
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